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1For policy analysis purposes, functions based on the mean air quality levels may be preferable to functions
based on the median air quality levels because changes in the mean more accurately reflect changes in peak values
than do changes in the median.  Policies which affect peak PM days more than average PM days will result in a
larger change in the mean than in the median.  In these cases, all else being equal, C-R functions based on median
PM2.5 will lead to lower estimates of avoided incidences of premature mortality than C-R functions based on mean
PM2.5. 

Given their consistent results and broad geographic coverage, the Six-City and ACS data
have been of particular importance in benefits analyses.   The credibility of these two studies is
further enhanced by the fact that they were subject to extensive reexamination and re-analysis by an
independent team of scientific experts commissioned by the Health Effects Institute (Krewski et al.,
2000).   The final results of the re-analysis were then independently peer reviewed by a Special Panel
of the HEI Health Review Committee. The results of these re-analyses confirmed and expanded those
of the original investigators and identified concerns about the sensitivity and robustness of the
findings, especially with respect to model specification.  This intensive independent re-analysis effort
was occasioned both by the importance of the original findings as well as concerns that the
underlying individual health effects information has never been made publicly available.  

The HEI re-examination lends credibility to the original studies as well as highlighting
sensitivities concerning (a) the relative impact of various pollutants, (b) the potential role of
education in mediating the association between pollution and mortality, and (c) the influence of
spatial correlation modeling.  Further confirmation and extension of the overall findings using more
recent air quality and a longer follow up period for the ACS cohort was recently published in the
Journal of the American Medical Association (Pope et al., 2002).

In developing and improving the methods for estimating and valuing the potential reductions
in mortality risk over the years, EPA has consulted with a panel of the Science Advisory Board.  That
panel recommended use of long-term prospective cohort studies in estimating mortality risk reduction
(EPA-SAB-COUNCIL-ADV-99-005, 1999).   This recommendation has been confirmed by a recent
report from the National Research Council, which stated that “it is essential to use the cohort studies
in benefits analysis to capture all important effects from air pollution exposure (NRC, 2002, p. 108).”
More specifically, the SAB recommended emphasis on the ACS study because it includes a much
larger sample size and longer exposure interval, and covers more locations (e.g. 50 cities compared to
the Six Cities Study) than other studies of its kind.  As explained in the regulatory impact analysis for
the Heavy-Duty Engine/Diesel Fuel rule (U.S. EPA, 2000a), more recent EPA benefits analyses have
relied on an improved specification of the ACS cohort data that was developed in the HEI reanalysis
(Krewski et al., 2000).  The particular specification yielded a relative risk based on changes in mean
levels of PM2.5, as opposed to the specification in the original study, which reported a relative risk
based on median levels1.  The Krewski et al. analysis also includes a broader geographic scope than
the original study (63 cities versus 50).  Specifically, the relative risk from which the Base estimate
derived is 1.12 per 24.5 :g/m3 for all-cause mortality (Krewski, et al. 2000, Part II, page 173, Table
31).  The SAB has recently agreed with EPA's selection of this specification for use in analyzing
mortality benefits of PM reductions (EPA-SAB-COUNCIL-ADV-01-004, 2001). 
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